We have successfully synthesized a multi-functional PFPE lubricant in which extra polar groups exist in the middle of molecule. This was achieved by combining several PFPE molecules that contain hydroxyl end groups. The multifunctional molecule was fractionated using supercritical fluid of carbon dioxide then identified using NMR methods, which showed that average three to five hydroxyl groups are contained in one molecule depending on each fraction. This paper presents lubricant spreading properties and first monolayer thickness determined by means of half-dip coat method. It was found that resulting first monolayer thickness shows does not increase significantly; rather it was almost the same as that of the parent molecule.
INTRODUCTION
The surfaces of hard-disk media are coated with perfluoropolyether (PFPE) lubricant in order to improve the reliability of the head-disk interface (HDI) in magnetic recording systems. The PFPE molecule is characterized as a linear chain structure, which is terminated with polar end groups. For the lubricant optimization, molecular weight and the polarity of the end-groups are usually modified to satisfy lubricant requirements, such as thermal stability, bondability, surface energy, and fluidity. However, as we approach an ultra low flying height regime, the size of molecule could not be ignored. It is interesting whether minute control of lubricant molecular size would enable us to achieve the good flyability in the ultra low flying height regime. First of all, it must be necessary to establish a methodology of controlling the molecular size on hard disks. An answer would be an application of functional groups in the middle of the molecule because the functional groups would be expected to anchors the intermediate moiety of the lubricant molecule to the disk as illustrated in Fig. 1 . 
SYNTHESIS
A linkage technique was developed using PFPE of FOMBLIN Z DOL and epichlorohydrin reagent. If the reaction proceeds several molecules are linked and hydroxyl anchoring moieties are generated as shows in Fig. 2 . According to this reaction, the product contains the starting material, and multifunctional molecules. To purify the crude reactant, extraction by supercritical fluid of carbon dioxide was utilized. The crude reactant was fractionated into six portions (Table I ). 
RESULTS AND DISCUSSION
To characterize spreading properties, a step-shaped lubricant boundary was build using a half dip-coating method. The diffusion coefficient D was calculated using the spreading distance w and elapsed time t, as shown in following equation [1] .
In Fig. 3 , the logarithm of the diffusion coefficient is plotted as a function of the bonded lubricant thickness. The bonded lubricant thick was defined as thickness after mobile lube is removed by fluorinated solvent when initial lube thickness is about 2 nm after anneal. In this case the bonded lubricant thickness is taken as a parameter of interaction between a lube and a disk surface. The results show that the diffusion coefficient decreased with an increase in the thickness of the bonded lubricant. Except for DOL, good linearity was observed between the logarithm of the diffusion coefficient and the bonded lubricant thickness. According to the MC simulation, interaction between molecule and substrate increases the diffusion coefficient [2] , which, at first glance, appears to contradict our result. However, this is understandable if an increase in the thickness of the bonded lubricant means a simultaneous increase of molecule-molecule interaction resulting in slower diffusion.
In the course of this study, the spreading profile was observed to have a terraced structure. This structure has been observed in various PFPE systems, and it is thought to be due to molecular layer [3] . In Fig. 4 , the height of the terrace is plotted against the molecular weight together with reference data. There was no significant dependence on molecular weight in multi-functional lubricant. The layer thickness increased slightly with molecular weight in contrast to the distinct increase in layer thickness of DOL with molecular weight. This is thought because the polar functional group of the synthesized lubricant effectively anchored the substrate, controlling the vertical expansion of the molecules. 
CONCLUSION
The synthesize lubricant is build by linkage of FOMBLIN Z DOL, so tis molecular weight is more than twice that of the parent Z DOL. However, the molecular thickness of the layers did not increase significantly. This linkage technique would probably enable us to improve the HDI characteristics, such as low flying height and spin-off durability. 
